Background. Approximately 10%-20% of patients with Kawasaki disease (KD) are refractory to initial intravenous immunoglobulin (IVIg) therapy, and these "nonresponders" are at higher risk of coronary artery abnormalities. Early identification of these patients, who may benefit from additional therapy, is challenging. The aim of the present study is to identify predictors for IVIg resistance.
The standard therapy for Kawasaki disease (KD) with intravenous immunoglobulin (IVIg) is effective in preventing coronary artery aneurysms (CAA), when given within 10 days of illness onset. However, 2%-5% of patients develop CAA despite prompt treatment [1] . Approximately 10%-20% of patients are refractory to initial IVIg therapy, and these "nonresponders" are at higher risk of CAA [2] . Corticosteroids, as well as infliximab, were used as adjunctive primary therapy for KD, in conjunction with IVIg and aspirin, to patients predicted to be nonresponders [3, 4] ; however, selectively targeting patients who may benefit from adjunctive therapy is challenging [5] . Several Japanese scoring systems identify high-risk Japanese KD patients [6] [7] [8] , but these were shown to be inaccurate in a North American cohort [9] . Moreover, a scoring system developed in San Diego in the setting of ethnically diverse population was also found to be relatively inaccurate, with sensitivity of 73% and specificity of 62% to predict IVIg resistance [10] . It was suggested that subtle genetic differences affect the performance of these prediction tools [5] . In a previous study, we have shown that the epidemiological and clinical characteristics of KD in Israel were similar to those reported for the white population in Europe and the United States [11] . The aim of the present study was to identify predictors for IVIg resistance in our Jewish and Arab patient population.
METHODS

Study Population
We retrospectively reviewed clinical records of consecutive KD patients treated from 1996 to 2009 in 9 medical centers in Israel. These data comprised the "development" dataset used to identify predictors for nonresponse. A separate retrospective review of patients treated for KD from 2001 to 2007 in 5 medical centers in Central Israel comprised the "validation" dataset, on which we tested the prediction accuracy. A third prospective cohort of consecutive patients treated for KD in a single medical center was used to test the accuracy of the predictors.
Both retrospective chart reviews enrolled patients whose KD diagnosis complied with the 2004 American Heart Association (AHA) statement [2] . Criteria for a complete case definition included fever (temperature exceeding 38°C), accompanied by the presence of at least 4 of the following 5 findings: bilateral conjunctival injection, changes in the lips and oral cavity, nonpurulent cervical lymphadenopathy, polymorphous exanthema, and changes in the extremities. Incomplete KD cases were diagnosed based on the AHA algorithm [2] (ie, fever and 2-3 clinical criteria, C-reactive protein [CRP] ≥3 mg/dL and/or erythrocyte sedimentation rate [ESR] ≥40 mm/hour, and either ≥3 supplemental laboratory criteria or echocardiography findings suggestive of KD). The first day of the illness was defined as the first day of fever. In all institutions, IVIg was given at a dose of 2 g/kg; however, aspirin treatment varied between institutions. Most patients were treated with 80-100 mg kg −1 day −1 of aspirin until fever resolved, but in 2 institutions only low-dose aspirin (3-5 mg kg −1 day −1 ) was used. Intravenous immunoglobulin resistance was defined as persistent or recrudescent fever (T ≥38°C) at least 36 hours but not longer than 7 days after completion of the first IVIg infusion.
Echocardiography was performed at the time of diagnosis and at 2-4 weeks after onset of fever. Coronary artery (CA) abnormalities was diagnosed as internal lumen diameter ≥2.5 standard deviation (SD) units (z score) from the mean, normalized for body surface area, based on the maximal internal diameters of the right and left anterior descending coronary arteries [2] . This study was reviewed and approved by each of the participating centers' institutional review boards.
Data Analysis
Analysis was performed with SPSS software, version 22 (SPSS, Chicago, IL). Data are presented as mean ± SD for continuous variables or as a percentage of patients with a given categorical variable. For all analyses, a 2-sided probability <.05 was considered to be statistically significant. Univariable unpaired t test was used to determine whether white blood cell count, percentage of neutrophils, absolute neutrophil count, hemoglobin, platelet count, ESR, CRP, sodium, bilirubin, aspartate aminotransferase (AST), alanine aminotransferase, and albumin levels discriminated between IVIg responders and nonresponders. A χ 2 test was used to compare the categorical variables between the 2 groups. To identify independent predictors of IVIg nonresponse, multivariable logistic regression model was constructed using demographic variables and laboratory variables, if statistically significant in the univariable analysis. The regression model was performed using forward selection and backward elimination. A P value of ≤.05 was required for entry into the model, and P > .05 was required for elimination. Results are expressed as odds ratio (OR) with 95% confidence interval (CI).
The discriminatory capacity of the model was assessed using the area under the receiver-operating-characteristics (ROC) curve. Goodness of fit of the regression model was tested with the Hosmer-Lemeshow test, with P > .05 considered to indicate lack of deviation between the model and observed event rate.
RESULTS
Characteristics and Clinical Outcome of Patients
During the study period, 523 patients were discharged with a diagnosis of KD in Israel. Eight patients were excluded because they did not meet the diagnostic criteria, and 17 patients were not treated with IVIg, thus 498 patients were included in this study (development dataset, N = 312; validation dataset, N = 186). Table 1 shows the characteristics and clinical outcome of patients in both datasets. There were no significant clinical differences between the development and the validation dataset; however, only 10% of the validation dataset patients were Arab compared with 24% of the development dataset.
In the development dataset, the variables identified by univariable analysis to be significant predictors of IVIg nonresponsiveness were as follows: <5 days of illness at presentation, CA abnormalities at the initial echo, sodium, and albumin (Table 2 ). These 4 variables were included in the logistic regression analysis. Coronary artery abnormalities at the initial echo and <5 days of illness at presentation to the emergency department were independent predictors of IVIg nonresponse ( Table 3 ). The area under the ROC curve was 0.7 (95% CI, 0.6-0.8) (Figure 1) , and the Hosmer-Lemeshow statistic was not significant (P = .9). For children who had at least 1 of these 2 risk criteria, sensitivity to predict nonresponse was 81% (95% CI, 67-90) and specificity was 50% (95% CI, 44-56).
When the cohort was stratified by age (<1 vs ≥1 year old) or by gender, the sensitivity and specificity remained essentially the same. When the cohort was stratified by ethnicity, the sensitivity and specificity in Arabs was somewhat lower (sensitivity in Jews 83%, 95% CI, 66-92 vs in Arabs 70%, 95% CI, 39-89; specificity in Jews 52%, 95% CI, 45-58 vs in Arabs 42%, 95% CI, 30-55).
Next, the validation dataset was used to assess the accuracy of the risk model in predicting nonresponse. The accuracy in this dataset was similar, with area under the ROC curve of 0.69 (95% CI, 0.59-0.8); the sensitivity was 86% and the specificity was 41%. In this cohort, there was only 1 Arab patient who was an IVIg nonresponder and had 1 of the risk factors. The correspondence of IVIg nonresponse with these 2 risk factors is shown in Figure 2 . If either of these 2 risk factors were used prospectively to identify IVIg nonresponders, who may be candidates for additional therapy, 43% of the patients would receive unnecessary additional therapy (false positive); however, only 3% of the patients would be nonresponders, but they would not have received additional therapy (false negative).
We then examined the performance of these risk factors prospectively among 32 consecutive KD patients. The rate of nonresponders in this prospective cohort was 22% (7 of 32). Using either of these 2 predictors correctly identified 86% (95% CI, 49-97) of the nonresponders, whereas the specificity was 61% (95% CI, 43-78). Area under the ROC curve was 74% (95% CI, 60-87).
DISCUSSION
The main finding of the present study is that IVIg nonresponders can be accurately identified in our patient population using 2 variables: (1) CA abnormalities (Z score ≥2.5) in the acute phase of illness and/or (2) presenting before day 5 of fever. It is widely accepted that the subset of IVIg-resistant patients is at highest risk for developing CAA and needs additional treatment to improve outcome [4] . Kobayashi et al [6] have developed a model to predict IVIg nonresponse, which includes 5 laboratory variables (sodium, AST, percentage of neutrophils, CRP, platelet count), age ≤12 months, and days of illness at initial treatment ≤4. This model identified IVIg nonresponders with a sensitivity of 86% and specificity of 68%. Area under the ROC curve was 0.85 [6] . Moreover, it was shown that patients predicted to have severe KD based on this risk score had better CA outcomes when prednisolone was added to the standard IVIg regimen. Of note, this study excluded patients with CA abnormalities at presentation. A recent study by Dominguez et al [12] found that CA abnormalities were present in most patients before the receipt of IVIg, thereby raising the question whether IVIg resistance is a risk factor for CA abnormalities or vice versa, or whether both are simply markers of severe disease. Either way, CA abnormalities may be the marker for high-risk patients. Excluding these patients from studies that aim at developing KD risk stratification may skew the prediction rules away from the high-risk patients.
Unfortunately, risk scoring systems from Japan, including the Kobayashi score, had a low sensitivity for predicting IVIg resistance in a multiethnic North American cohort [13] . A scoring system developed using retrospective data from the San Diego County KD patients had a sensitivity of 73% and specificity of 69% to predict nonresponse; however, this risk score was not validated on a different cohort [10] .
In the present study, we aimed to identify predictors of IVIg nonresponse in our population, which is genetically unique and comprises Jewish (Ashkenazi and Sephardic descent) and Arab patients. We found that most variables that were used in the Japanese risk scores, including age, did not identify nonresponders in our cohort. Abbreviations: ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, alanine aminotransferase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IVIg, intravenous immunoglobulin; KD, Kawasaki disease; SD, standard deviation; WBC, white blood cells. Two variables differentiated responders and nonresponders: day of illness <5 at presentation and CA abnormalities (Z score ≥2.5) in the acute phase. When using either one of the 2 predictors-day of illness <5 at presentation or CA abnormalities in the acute phase-over 80% of IVIg nonresponders can be correctly identified; however, the specificity of this model is modest (≈50%). Practically, using these 2 variables in our small prospective cohort, we were able to identify 86% (6 of 7) of patients who would likely benefit from additional treatment, at the cost of unnecessarily treating 10 of 26 (38%) patients who would eventually respond to IVIg alone.
Kobayashi et al [6] noted that each of the variables included in their large well designed scoring model as a predictor of IVIg nonresponse was also reported to be a risk factor for CAA. In addition, CAA during the acute phase developed in their patients significantly more often in IVIg nonresponders than in IVIg responders. Therefore, unlike various laboratory and demographic variables that seem to be inconsistent as predictors of IVIg nonresponse (depending on the patient population examined), coronary abnormalities in the acute phase stands out repeatedly as strongly associated with nonresponse in all patient populations, including our own cohort. Because the Kobayashi et al study [6] excluded patients with CAA, this significant predictor is not taken into account when using this risk score system for identifying high-risk KD patients. Moreover, the study by Dominguez et al [12] demonstrated the early occurrence of CA abnormalities in a subset of KD patients who also had a higher rate of IVIg resistance. Our study lends further support to Dominguez et al [12] . Taken together, the findings from both studies suggest that patients with early CA abnormalities may benefit from a more aggressive initial therapy.
Early diagnosis (presenting before day 4-5 of illness) is strongly associated with IVIg nonresponse in multiple patient populations as well [6, 10] . It was suggested that these patients have a more severe disease, as demonstrated by higher scores in the disease severity index.
Because the Japanese scoring systems cannot successfully identify US children at higher risk for treatment failure, a nonselective intensification of primary therapy by the addition of either a single dose of intravenous methylprednisolone [14] or a single dose of infliximab [4] was assessed. The methylprednisolone trial did not show a significant difference in CA Z score due to the overall low rate of CAA, and the infliximab study could not show a significant difference in the rate of IVIg nonresponse, and it demonstrated a slightly greater reduction in Z score of the left anterior descending CA in the treatment group at week 2 but not at week 5. Therefore, because the overall rates of adverse outcome in treated KD patients are low, it seems that in a nonselected population of KD patients it will be difficult to demonstrate the benefit of intensified primary therapy, even when large numbers of patients are enrolled. The major limitation of our study was its retrospective design, which is more likely to suffer from missing data. Furthermore, we relied on history obtained from the parents to determine the first day of fever. Because day of illness remains a predictor of nonresponse in our small prospective cohort, a systematic recall bias is less likely.
Another limitation of our study is the fact that echocardiograms were performed and interpreted by many different cardiologists. However, all of the pediatric cardiologists in Israel follow the AHA guidelines for the diagnosis of KD, and they use body surface area-adjusted coronary dimensions [2] ; therefore, differences in expertise are unlikely to be systematically different in responders compared with nonresponders, and these are unlikely to cause a systematic bias of our results. Finally, the generalizability of our results to a more heterogeneous European or North American populations is unknown.
The 2 predictors of IVIg nonresponse performed better in Jews compared with Arab KD patients. This is not surprising because it was shown in the past that the accuracy of the risk scoring systems tends to vary among ethnically different populations 10.
The strength of our study is the validation of our findings on a different retrospective cohort, as well as on a small prospective cohort. Still, it only meets the requirements for a "level 3" clinical decision rule as defined by McGinn et al [15] and requires further validation in a different population of KD patients, as well as an impact analysis study. Another caveat for the implementation of our findings in clinical practice is the heterogeneity in glucocorticoid treatment protocols used in KD patients. A prospective multicenter study that will examine a more aggressive initial therapy for this subset of high-risk KD patients is indicated.
CONCLUSIONS
In summary, CA abnormalities in the initial echo and/or presenting before day 5 of illness accurately identify IVIg nonresponse in initial treatment of patients with KD. If validated in different cohorts, these 2 variables may be used for risk stratification of KD patients and for the selection of patients at higher risk of nonresponse who may benefit from adjunctive primary therapy. 
